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,QWURGXFWLRQ
/LJQRFHOOXORVLFEDVHGELRPDVVLQFOXGLQJDJULFXOWXUDOZDVWHVKDVEHHQSURGXFHGLQFRUUHODWLRQZLWKDJULFXOWXUDO
DFWLYLWLHV$IWHUKDUYHVWLQJVHDVRQPRVWRIWKHVHUHVLGXHVZHUHOHIWRQWKHILHOGDQGEXUQHGRXW,QPRUHWKDQ
PLOOLRQWRQVRIDJULFXOWXUDOZDVWHVZHUHOHIWXQXVHGLQ7KDLODQG>@7KHVHOLJQRFHOOXORVLFEDVHGELRPDVVZDV
HVWLPDWHGWR\LHOGSRWHQWLDOHQHUJ\FDSDFLW\XSWR7->@%DVHGRQWKLVVLWXDWLRQLWLVLPSRUWDQWWRGHYHORS
WKHSURFHVVWRXWLOL]HWKHVHZDVWHVE\FRQYHUWLQJWKHPWRYDOXHDGGHGSURGXFWV
/LJQRFHOOXORVLFELRPDVVPDLQO\FRQVLVWVRIFHOOXORVHVKHPLFHOOXORVHVDQGOLJQLQ>@&HOOXORVHDQGKHPLFHOOXORVH
DUHELRSRO\PHUVWKDWFRXOGEHK\GURO\]HGE\OLJQRFHOOXORO\WLFHQ]\PHVWRUHOHDVHVXJDUV>@7KHVXJDUWKHQFRXOGEH
XVHGDVUDZPDWHULDOVWRSURGXFHELRIXHOVYLDELRFKHPLFDOSURFHVVHVDQGIHUPHQWDWLRQV2QHRIWKHPDLQERWWOHQHFN
VWHSRIWKHZKROHSURFHVVLVWKHK\GURO\VLVVWHSWRSURGXFHVXJDUVIURPOLJQRFHOOXORVLFELRPDVVEHFDXVHWKHSK\VLFDO
DQGWKHFKHPLFDOSURSHUWLHVDUHEDUULHUVRIK\GURO\WLFHQ]\PHV>@,RQLFOLTXLG,/SUHWUHDWPHQWLVRQHRISRWHQWLDO
PHWKRGGXHWRLWVKLJKHIILFLHQF\WRVROXELOL]HVFHOOXORVHDQGLWVUHF\FODELOLW\>@+RZHYHURQHRIWKHPDMRULVVXH
IRU,/DSSOLFDWLRQLQSUHWUHDWPHQWLVWKHFRVWRI,/>@7KHUHIRUHZHDLPHGWRVWXG\WKHHIIHFWRIUHF\FOHG,/
HWK\OPHWK\OLPLGD]ROLXPDFHWDWH>(0,0@$FRQHQ]\PDWLFVDFFKDULILFDWLRQRIULFHVWUDZ7KHHIILFLHQF\RIWKH
SUHWUHDWPHQWFRQGLWLRQZDVHYDOXDWHGE\DQDO\VLVRIUHGXFLQJVXJDUVUHOHDVHGIURPK\GURO\]HGULFHVWUDZ7KHUHVXOWV
RI WKLVZRUNZLOOEHDSSOLFDEOH IRU IXUWKHUH[SHULPHQWV WR ILQG WKHRSWLPXPRSHUDWLRQDOFRQGLWLRQV WRHQKDQFH WKH
FRQYHUVLRQRIOLJQRFHOOXORVLFELRPDVVWRIHUPHQWDEOHVXJDUV
0DWHULDOVDQGPHWKRGV
2.1 Materials and chemicals 
5LFH VWUDZ FROOHFWHG IURP D ORFDO ILHOG LQ$\XWKGKD\DSURYLQFH7KDLODQG&HOOXODVH IURPTrichoderma reesei
&HOOXFODVW / DQG >(0,0@$F ZHUH SXUFKDVHG IURP 6LJPD$OGULFK &HOORELDVH IURP Aspergillus niger ZDV
SXUFKDVHGIURP0HJD]\PH2WKHUFKHPLFDOVXVHGLQWKLVVWXG\ZHUHSXUFKDVHGIURP$MD[
2.2 Optimization of [EMIM]Ac pretreatment and IL recycle 
2SWLPXPFRQGLWLRQRI ,/SUHWUHDWPHQWZDVFDUULHGRXWZLWK5HVSRQVH6XUIDFH0HWKRGRORJ\5607KHPDLQ
UHVSRQVH IDFWRU ZDV WKH FRQFHQWUDWLRQ RI UHGXFLQJ VXJDUV \LHOGHG IURP K\GURO\VLV VWHS Y 7KH LQGHSHQGHQW
YDULDEOHVZHUH ORDGLQJ UDWLRRI ULFH VWUDZ WR >(0,0@$F X1: ±ZZ WHPSHUDWXUH X2:±& DQG
SUHWUHDWPHQWWLPHX3:±PLQ$%R[%HKQNHQGHVLJQ>@ZDVDSSOLHGKHUHIRUWKHRSWLPL]DWLRQWRVHWIRU
HDFKYDULDEOHZLWKWKUHHWHVWOHYHOVPD[ PLG PLQ 7DEOH([SHULPHQWDOGDWDZHUHDQDO\]HGXVLQJ
WKHVWDWLVWLFDOVRIWZDUH'HVLJQ([SHUWVRIWZDUHYHUVLRQ67$7($6(,QF0LQQHDSROLV0186$WRILWWKH
VHFRQGRUGHUSRO\QRPLDOUHJUHVVLRQPRGHO
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ZKHUH<LVWKHUHVSRQVHYDULDEOHUHGXFLQJVXJDUVFRQWHQWE LVWKHFRQVWDQWEL LV WKHOLQHDUFRHIILFLHQWEL LV WKH
TXDGUDWLFFRHIILFLHQWDQGELMLVWKHWZRIDFWRULQWHUDFWLRQFRHIILFLHQW
7DEOH9DOXHRILQGHSHQGHQWYDULDEOHVZLWKFRUUHVSRQGHGFRGHGOHYHOV
)DFWRU ; ; ;
&RGH   
;ORDGLQJUDWLRRIULFHVWUDZWR>(0,0@$FZW   
;SUHWUHDWPHQWWHPSHUDWXUHR&   
;SUHWUHDWPHQWWLPHPLQ   
)RU HDFK UHDFWLRQ  PJ RI WKH ULFH VWUDZ ZDV PL[HG ZLWK ,/ DQG WKHQ KHDWHG WR VHW WHPSHUDWXUH ZLWK
FRQWUROOHGWLPH7DEOH$IWHUKHDWLQJHTXDOYROXPHRIGLVWLOOHGZDWHUZDVDGGHGDVDQDQWLVROYHQW7KLVVDPSOH
ZDVFHQWULIXJHG WRVHSDUDWHVROLGDQG OLTXLGSKDVHV7KHQZDVKHGVDPSOHZDVFHQWULIXJHGDJDLQDQG WKLVZDVKLQJ
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ZDV UHSHDWHG IRU WKUHH WLPHV 7KH VROLGSKDVH VDPSOH ZDV GULHG LQ KRW DLU RYHQ (DFK VDPSOHV ZDV HQ]\PDWLF
K\GURO\]HGXVLQJFHOOXODVHHQ]\PHPL[WXUHVFRQWDLQLQJP0VRGLXPFLWUDWHEXIIHUS+ZLWKPORIZRUNLQJ
YROXPHJRISUHWUHDWHGELRPDVVDQGORI0VRGLXPD]LGH>@7KHUHDFWLRQVZHUHLQFXEDWHGDW&
IRUKLQDUSPVKDNLQJLQFXEDWRU$IWHUGLJHVWLRQWKHVDPSOHZDVFHQWULIXJHGWRVHSDUDWHWKHELRPDVVIURP
WKHOLTXLGIUDFWLRQ7KHOLTXLGIUDFWLRQZDVDQDO\]HGIRUUHGXFLQJVXJDUVE\GLQLWURVDOLF\OLF'16PHWKRG>@
7R REVHUYH WKH UHF\FODELOLW\ RI >(0,0@$F LQ SUHWUHDWPHQW WKH RSWLPXP FRQGLWLRQ RI SUHWUHDWPHQW REWDLQHG
IURPFDOFXODWLRQRI560DQDO\VLVZDVSHUIRUPHGWRSUHWUHDWULFHVWUDZ$IWHUILQLVKLQJILUVWURXQGRISUHWUHDWPHQW
WKHXVHG>(0,0@$FZDVVHSDUDWHGE\FHQWULIXJDWLRQDQGUHFRYHUHGE\DGGLQJWKUHHW\SHVRIDQWLVROYHQWVLQFOXGLQJ
GHLRQL]HGZDWHUDFHWRQHDQGPHWKDQRO7KHPL[WXUHRIXVHG>(0,0@$FDQGDQWLVROYHQWZDVHYDSRUDWHGWRUHPRYH
DQWLVROYHQWDQGUHWULHYH >(0,0@$FIRUQH[W URXQGRISUHWUHDWPHQW7KHHYDSRUDWLRQ WHPSHUDWXUHVRIDQWLVROYHQW
ZHUHVHWDWR&R&DQGR&IRUGHLRQL]HGZDWHUDFHWRQHDQGPHWKDQROUHVSHFWLYHO\
5HVXOWVDQGGLVFXVVLRQ
3.1 Optimization of IL pretreatment 
7RGHWHUPLQHRSWLPXPZRUNLQJFRQGLWLRQRIULFHVWUDZSUHWUHDWPHQWE\>(0,0@$FWKH560ZLWK%R[%HKQNHQ
GHVLJQZDV DSSOLHG 7DEOH  )LUVW H[SHULPHQWDO GDWDZDV DQDO\]HG WR VHOHFW ILW PRGHO 7KHQ WKHPRGHOVZHUH
SURFHHGHGWR$129$DQDO\VLV7DEOHWRHYDOXDWHHPSLULFDOUHODWLRQVKLSEHWZHHQWKHUHVSRQVHDQGLQGHSHQGHQW
YDULDEOHV %DVHG RQ WKH SYDOXH WKH JHQHUDWHG PRGHO ZDV VLJQLILFDQW SYDOXH    WR UHSUHVHQW RXU
H[SHULPHQWDOGDWDZLWKKLJK5YDOXH7KHPDWKHPDWLFPRGHO UHSUHVHQWLQJWKHSUHWUHDWPHQWSDUDPHWHU WR
VXJDUFRQFHQWUDWLRQDQGRSWLPXPZRUNLQJFRQGLWLRQZDVFDOFXODWHGDQGUHSUHVHQWHGDVDFRQWRXUSORW7DEOHDQG
)LJ%DVHGRQWKLVPRGHOWKHPD[LPXPUHFRYHUHGVXJDUZDVREWDLQHGZKHQXVLQJSUHWUHDWPHQWFRQGLWLRQDW
 ORDGLQJ UDWLR  R& WHPSHUDWXUH PLQ 7LPH 7KLV RSWLPXPZRUNLQJ FRQGLWLRQ ZDV FDUULHG RXW IRU
H[SHULPHQWRI>(0,0@$FUHF\FOLQJ
7DEOH([SHULPHQWDOGHVLJQWRWHVWWKHHIIHFWVRISUHWUHDWPHQWSDUDPHWHUVORDGLQJUDWLR
;ZWWHPSHUDWXUH;R&DQGWLPH;PLQRQUHGXFLQJVXJDUFRQFHQWUDWLRQ<PJPOXVLQJ>(0,0@$F
5XQ ; ; ; <
    
    
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7DEOH$QDO\VLVRIYDULDQFH$129$IRUWKHDGMXVWHGTXDGUDWLFPRGHORIVXJDUFRQFHQWUDWLRQ
UHOHDVHGIURPSUHWUHDWHGULFHVWUDZ
>(0,0@$FSUHWUHDWPHQW
6RXUFH 6XPRI6TXDUHV GI 0HDQ6TXDUH )9DOXH SYDOXH
0RGHO     
;     
;     
;     
;     
;     
5HVLGXDO     
7DEOH0DWKHPDWLFDOPRGHOVUHSUHVHQWWKHLQIOXHQFHRISUHWUHDWPHQWSDUDPHWHUVRQWKHUHGXFLQJVXJDUFRQFHQWUDWLRQDQGRSWLPDOFRQGLWLRQRI
>(0,0@$FSUHWUHDWPHQW
>(0,0@$F
SUHWUHDWPHQW
0DWKHPDWLFDOPRGHOV6XJDUFRQFHQWUDWLRQPJPO [&RQF[7HPS[7LPH
[7HPS[[7LPH
2SWLPDOSUHWUHDWPHQWFRQGLWLRQORDGLQJUDWLRR&WHPSHUDWXUHPLQWLPH

)LJ5HVSRQVHVXUIDFHSORWVRI>(0,0@$FSUHWUHDWPHQWUHSUHVHQWHIIHFWVRIWKHLQWHUDFWLRQEHWZHHQWKHLQGHSHQGHQWYDULDEOHV
RQWKHVXJDU\LHOGV
3.2 IL recyclability with different anti-solvents 
,Q WKLV VWXG\ WKUHH W\SHV RI DQWLVROYHQWV LQFOXGLQJ GHLRQL]HGZDWHU DFHWRQH DQGPHWKDQRO ZHUH VHOHFWHG WR
UHFRYHU>(0,0@$FIURPSUHWUHDWHGULFHVWUDZPL[WXUHV7RREVHUYHWKHHIILFLHQF\RIUHF\FOHG>(0,0@$FRSWLPXP
ZRUNLQJFRQGLWLRQRISUHWUHDWPHQWZDVSHUIRUPHG7DEOH$IWHUVROLGELRPDVVZDVUHPRYHGHDFKDQWLVROYHQWV
ZDV DGGHG LQWR WKHPL[WXUHZLWK  UDWLR VHSDUDWHO\7KH UHFRYHUHG >(0,0@$FZDV HYDSRUDWHG WR UHPRYH DQWL
VROYHQWDQGUHXVHGIRUSUHWUHDWPHQWRIULFHVWUDZIRUWKHQH[WURXQG(DFKSUHWUHDWHGELRPDVVIURPHDFKURXQGRI
UHF\FOHZDVK\GURO\]HGDQGVXJDUSURGXFWVZHUHPHDVXUHGE\'16PHWKRG)LJ)URPWKHUHVXOWVRIUHGXFWLQJ
VXJDUFRQWHQWVREWDLQHGIURPK\GURO\VLVUHDFWLRQVPHWKDQROZDVWKHEHVWDQWLVROYHQWEHFDXVHWKHKLJKHVWDPRXQWV
RIVXJDUVZHUHREWDLQHGH[FHSWWKHWKDQGWKF\FOH+RZHYHUWKHHIILFLHQFLHVRIWKDQGWKF\FOHZHUHGHYLDWHG
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IURPDYHUDJHRIHIILFLHQF\IRU)RUGHLRQL]HGZDWHUVHWWKHHIILFLHQF\RIUHFRYHU\ZDVTXLWHFRQVWDQWIURP
VW F\FOH WR  F\FOHV $PRQJ DOO WKUHH W\SHV RI DQWLVROYHQWV KHUH DFHWRQH VKRZHG WKH ORZHVW SRWHQWLDO IRU
>(0,0@$FUHFRYHU\EHFDXVHDW WKHWKF\FOH WKHVXJDU\LHOGGURSSHGIURPWKF\FOHIRUZKLFKZDV WKH
PRVWUHGXFWLRQREVHUYHGLQWKUHHVROYHQWV


)LJ5HGXFLQJVXJDUFRQWHQWVREWDLQHGIURPK\GURO\]HGULFHVWUDZVWKDWZHUHSUHWUHDWHGZLWKUHF\FOHG>(0,0@$FE\XVLQJWKUHHGLIIHUHQW
W\SHVRIDQWLVROYHQWV
&RQFOXVLRQ
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